A typical product from an airborne electromagnetic (AEM) survey is a conductivity depth image (CDI) along each of the flight lines. These CDIs overcome the problem of non-uniqueness by choosing one model that fits the data, typically a smoothest model. However, in the case of using AEM for describing the stratigraphy of the regolith, an understanding of the landscape evolution processes that formed the regolith gives us knowledge about what the stratigraphic units are that make up the regolith, and also something about their likely geometry. In addition, knowledge of their mineralogy tells us something about their likely ranges of conductivity, and understanding of the processes that formed them tells us about their geostatistical properties. For example, materials which are well mixed, such as channel clays, will typically be homogeneous over large distances, whereas material that has formed by in-situ weathering could be much more heterogeneous. It therefore makes sense to try to invert the AEM data for stratigraphic boundaries and conductivity variations within stratigraphic units rather than smooth models. This immediately gives estimates, with uncertainty bounds, for the depths to various interfaces, which are of more direct interest to a geologist than the conductivity values in the CDI.
INTRODUCTION
Regolith-dominated terrains are difficult environments for mineral exploration because of the lack of outcrop, and the fact that geochemical signatures of the basement are often masked by complex deep weathering and landscape evolution processes. (Anand and Butt, 2010; González-Álvarez et al., 2016a) . Certain parts of the regolith stratigraphy mat contain no expression of basement anomalies at all. However, there may be local zones where geochemical processes have concentrated the orebody footprint, and these are the sensible geochemical sampling targets. It is therefore important to understand the cover architecture in order to optimise a geochemical sampling program, and to relate geochemical anomalies in the regolith to mineral systems in the basement.
Geophysical tools are being used to assist mineral exploration in these regolith-dominated terrains. Airborne electromagnetic techniques, in particular, have been applied to mapping of groundwater and to interpreting the electrical conductivity structures within regolith (Worrall et al., 1999; Munday et al., 2001; Reid et al., 2007; González-Álvarez et al., 2016b) .
A typical AEM product is a depth-conductivity section, which may consist of a set of 1D inversions of EM decays along a flight line. Each 1D inversion is non-unique -there are many models which could fit the data to within the data uncertainties -and so regularisation is often used to choose the best model; for example, using the smoothest model that fits the data to a specified amount is a common approach. We wish, instead, to use an understanding of the geology to narrow the range of acceptable solutions. An understanding of the landscape evolution tells us what sedimentary layers are expected to be present, what their stratigraphic relationships are, and something about their spatial variability. With good-enough knowledge of the regolith geology, we know what regolith layers to expect, so we invert for layer boundaries and varying conductivity within layers, rather than a general conductivity distribution.
The examples shown in this work are from the DeGrussa Copper-Gold deposit in the Bryah Basin of the Capricorn Orogen, Western Australia. The area is a regolith dominated terrain, with cover varying in thickness from less than 5m above the ore deposit to around 150m to the west. The AEM data is from a versatile time-domain electromagnetic (VTEM) survey, and information on the regolith comes from a series of borehole transects analysed by Gonzalez-Alvarez et al. (2015) . We also have information on groundwater salinity and water levels from a set of water boreholes (Noble et al., 2017) . Figure 1 shows a map of the flight lines and boreholes, superimposed on a time-constant image formed by fitting a single exponential decay to each sounding in the AEM survey (Sandfire Resources Ltd. Data, 2015) . 
METHOD AND RESULTS
We cast our work in a Bayesian framework (e.g. Tarantola, 1987) , whereby the probability distribution for our model is composed of a prior probability, generated from our understanding of the landscape evolution based on the lateral and vertical evolution of the stratigraphy, as well as borehole information, combined with the likelihood, which is a measure of the fit to the data. The negative posterior log probability is given by
Here m is the model parameter vector, f(m) is the predicted data generated by our forward model, dobs is the observed data, CD is the data covariance matrix, mprior is a prior model parameter vector, and CM is the prior model covariance matrix. Our geological constraints are all incorporated into the prior parameter vector and covariance matrix. We use a 1D forward model, Airbeo (Raiche et al., 2007) , for each sounding, and couple the soundings in a 2D or 3D inversion using spatial covariance in the prior. See Hauser et al. (2015) for a description of this approach.
We have a number of items of geological information that we can use to inform our AEM inversion, and that we include in the prior. We know, from analysis of borehole logs, that we are dealing with four layers: fresh basement, in-situ weathered saprolite, transported cover (channel deposits), and an overlying layer of alluvium/colluvium. We therefore parameterise our model in terms of the thicknesses and conductivities of these different layers at each AEM sounding. Previous work (King and González-Álvarez, 2016) used the known layer thicknesses at boreholes to invert nearby AEM decays for the layer conductivities, so for each layer we have a prior conductivity distribution. The prior for the resistivities includes a most-probable resistivity value for each layer (wet and dry rocks), a log-resistivity standard deviation, and an estimate of the length scale for spatial correlation, which determines the off-diagonal elements of CM.
The water table is an important feature in most geo-electrical soundings since the presence of water, especially saline water, increases the conductivity of the rock. We therefore include the water table elevation as a parameter.
In our model, the water table splits a layer into wet and dry parts, each of which has its own conductivity.
Water table elevations are known at water borehole locations (see Figure 1 ) and are interpolated using a Gaussian Process (GP) which yields an estimate of water table elevation at each sounding in the survey, along with an uncertainty -these values are used in the prior.
Next, we have measured layer thicknesses at the borehole locations. Again, we use a GP to produce a prior mean and covariance for each of the thicknesses. Figure 2 shows an example. The layer boundary depths are determined from drilling chips, and so are only accurate to 1m. The prior uncertainty increases with distance away from the boreholes, while the most-likely thickness goes to the mean.
Non-uniqueness
To illustrate the phenomenon of non-uniqueness, two inversions of a sounding decay are shown in Figure  3 . One inversion uses a standard, smooth model, with 30 layers. The other uses our approach, with a small number of geologically-defined layers (stratigraphic units) and the water table. The two inversions, although producing surprisingly different models, show similar fits to the observed decay curve. This means that the EM data are unable to distinguish between the two models. We believe that the layered model, being constrained by geologically-based prior information, is likely to be closer to the true geology. Note that layers picked off a conductivitydepth image based on a smooth inversion could be very different from the true geology.
An example inverted section is shown in Figure 4 . The layer boundaries and the water table are indicated on the CDI by black lines. Over most of the section, the water table (the top black line on the section) cuts the alluvium layer into two, and over most of the section the upper, dry alluvium layer is more resistive than the wet section below the water table, as would be expected. Geological logs of nearby boreholes, which were used in forming the prior, are shown for reference. Note that the angle between the flight line and the line of boreholes means that some boreholes are closer to the line than others. To give a better idea of how well our layered model corresponds to real geology, we show, in Figure 5 , a layered inversion of the same line as in Figure 4 , but where borehole depth information was not used. Only the average layer thicknesses over all boreholes were included in the prior -i.e. the most-likely prior model was a flat, layered one with mean thicknesses. The same prior resistivity information was included as in the previous inversion result. Clearly there is some difficulty in resolving individual layers; the channel sediments and the "wet" alluvium (below the water table) have similar conductivities. In addition, depending on the uncertainties in the data, which are not well known, there is always a trade-off between layer thickness and layer conductivity, which could be resolved with a better characterisation of the geostatistical properties of layer conductivities, their variance and spatial correlation. We have not yet included the effects of induced polarisation in the forward model, which could have a significant effect on results from this data set. 
CONCLUSIONS
Instead of inverting airborne electromagnetic data for a smooth model of conductivity vs depth, we invert for the thicknesses of geological layers, which are specified based on an understanding of the regolith architecture. We have shown how a model based on known geological layering within the regolith can be used to obtain geologically-meaningful inversions of layer boundaries and their uncertainties from AEM data. The water table elevation was included in the model, and had the effect of splitting layers into wet and dry sections, each with their own conductivity. Information from geologically-logged boreholes was included into the prior by a Gaussian-process interpolation, which yielded predicted thicknesses and their uncertainties at any point in the model. The electrical conductivity distribution within each layer was constrained using values obtained by inverting AEM decays close to boreholes with known layer thicknesses. The resulting model consists of the thickness and the conductivity of each of these regolith layers at each AEM sounding over the survey area, along with the groundwater level. Rather than being a smooth conductivity image which may be difficult to interpret, the model is expressed directly in terms of geological boundaries that are of interest to an explorer. 
